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Introduction
Neutron radiography experiments impact a wide range of scientific areas such as materials science [1] , energy [2] , physics, engineering [3] , archaeometry [4] , plant physiology [5] , geosciences [6] , biology [7, 8] , and chemistry. The High Flux Isotope Reactor (HFIR) CG-1D neutron imaging beamline [9] covers a broad range of scientific applications brought by scientists and engineers with different levels of expertise in image data analysis and programming. The facility is accessible at no cost through a peer review process if the visiting research team agrees to publish.
It is very challenging to develop a "one-shoe-fits-all" data processing and analysis software. A limited subset of the CG-1D research community performs data analysis without the help of the imaging team. The beamline is staffed with beamline scientists, data acquisition and software experts. This team works toward the development of intuitive data acquisition, processing and analysis tools that can be used by novice, intermediate and expert researchers. These users interact with our data processing and analysis software through the Python Jupyter notebooks. At this facility, most users rely on tools provided by the imaging team to process their data from normalization to 3-dimensional reconstruction, along with analysis of complex geometry samples. In order to improve the researcher's software experience and to make sure they are provided with adequate tools for their data processing and analysis, we implemented the procedure described undermentioned. Prior to arrival to the facility, we contact the principal investigator (PI) to discuss their data analysis needs as well as the level of software expertise of everyone in the PI's team. We already have many notebooks that can perform the most general needs of the users, but in case a team is coming with the need of a new tool, the pre-beamexperiment contact provides enough time to develop adequate (in terms of both algorithms and usability) tools. Upon arrival of the research team, we demonstrate the usage and provide a full step-by-step tutorial of each software. Finally, we follow up with the researchers after they have returned to their home institution, provide further software support, and get their feedback on our procedure and the software. In this article, we detail how we collaborate with researchers who come to use our neutron imaging beamline and demonstrate the advantages of using the Python Jupyter notebooks as a development and deployment environment.
Experimental Planning
While the beamline scientist often interacts with the research team as early as during the beam time proposal writing phase, data software discussions usually start when beam time has been granted. To optimize the visiting research team's experience at the beamline, a few key parameters need to be understood before their experimental beam time. First and foremost, we need to understand how the experiments can provide an answer to their scientific question. This leads to discussions about how the researchers plan to collect their data, what parameters need to be saved in the metadata and later extracted, and what information needs to be extracted from the radiographs and computed tomography (CT) scans. These early communications with the experimental researchers are critical to ensure data processing and analysis is in place either at the time the experiment is conducted or soon after. Second, our researchers have access to our previously developed Jupyter notebooks with tutorials from our imaging website [10] . Finally, the software experts spend time with the researchers at the beamline during the experiments to fully appreciate the complexity of the measurements and to confirm the data analysis strategy previously discussed.
Jupyter Notebooks
As defined by its official web site, the Jupyter Notebooks [11] is a versatile, open source web application that allows to create and share documents that contain live code, equations, visualizations and narrative texts. The notebooks are designed to intuitively develop and run codes. The Jupyter notebooks supports over 40 programming languages [12] . We chose to write code using the Python language which has an easy-to-learn and interpreted object-oriented programming language. The Jupyter interface is straightforward to use and thus, once familiar with the functionality of the interface, one can start coding inside a notebook using a web browser [13], see Fig. 1 (left). A notebook consists of a series of cells that each contains lines of code. Each cell can be run or rerun independently, pending the logic of the programming is respected. The code can be easily modified, such as changing an algorithm in a cell, without impacting the rest of the users.
In order to simplify the utilization of the notebooks, we implemented user interfaces (UI) that are launched from the notebook, as illustrated in Fig. 1 (right) . This is possible because the thinlinc [14] connection to the SNS analysis servers is available for our users.
How to Access the Notebooks
Another benefit of using Jupyter notebooks is that they can be run from our analysis servers without having to install software on the researcher's computer. Since the imaging data reside on the servers, this prevents unnecessary transfer of large imaging data sets. Using a web browser and assuming the researcher has an account in our servers, they can log in. Once logged in the Linux server, they then click the jupyter imaging options on the "Applications and Software" dropdown menus. Within seconds, the user is switched to a new conda environment [15] which is a directory that contains all the installed python libraries/conda packages necessary to run the notebooks. The portfolio of the python notebooks is automatically imported into the user account, allowing them to modify the notebooks without modifying the original notebooks which are stored elsewhere, and the Jupyter server is started from the notebooks folder location. The Jupyter home page shows a long list of various files and folders. The notebooks, files with extension ".ipynb", are the only files most users will interact with. Advanced users can adventure inside the code itself, which can be found in the "__code" folder. Each notebook opens in a new tab and at its top is a link to a step-by-step tutorial (some with video tutorials, see Fig. 2 ) that explains the purpose of the code and how to run it. A parchment display summarizes the four important rules to remember to successfully run the notebooks, as illustrated in Fig. 2 .
Figure 2. The top of each notebook provides a direct link (left) to a step-by-step tutorial (right) and a list of important rules (left) to execute the notebooks.

Examples of Notebooks
Within the past few years, we have developed a large library of Jupyter notebooks, all of which are available on our servers to all the CG-1D and the future VENUS (an imaging instrument at the Spallation Neutron Source) communities. These notebooks are custom-made for a specific experiment and sample geometry. A few examples are listed below to give a glance at the data processing and analysis software capability. 
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-Example 1: Binning of images based on metadata This notebook combines radiographs according to the temperature of the furnace saved in the metadata of each radiograph (Fig. 3) . The notebook displays the entire temperature history of the experiment with the furnace file information as well as a time lapse of the corresponding radiographs (Fig. 3A) . The code allows to select various binning options (by time, by temperature of the furnace, by number of imaging files). The principle of binning is similar to the event filtering for scattering instruments at the SNS [16] . Fig. 3B displays the binning that was applied in this example, and Fig. 3C shows the result of the binning with the created temperature steps. -Example #2: Water uptake in a soil sample This notebook calculates the water uptake velocity in a soil sample (Fig. 4) . The most important notebook requirements for this research team were:
• avoid command line input,
• graphical selection of a region of interest,
• option to integrate region along x or y axis,
• be able to sort files using file name, or time stamp,
• be able to rename files (to improve sorting by file name),
• have the option to easily add algorithm used in the calculation of the front of the water uptake signal, • export various profiles in ASCII file format. This example illustrates the complex requirements yet the versatility of a Jupyter notebook. Moreover, in collaboration with the research team, several algorithms that track the water front automatically were implemented and compared with each other. These implementations were straightforward and code-reuse were maximized. 
Conclusion
Our team's approach to data processing and analysis is to provide easy-to-use code that is custom-made for a specific experiment and sample geometry, requires little to no programming expertise, and does not require complex software installation on the end-user's computer. Thus, we have successfully developed and deployed Python-based Jupyter notebooks that are available on our analysis servers. With these software capabilities, we can respond to the increasingly challenging and diverse research community that utilizes neutron imaging capabilities at the Spallation Neutron Source and the High Flux Isotope Reactor. The notebooks allow the most advanced users to modify the code directly, while less experienced users can take advantage of the graphical user interface.
Step-by-step tutorials of all the notebooks are also available on our neutron imaging website to facilitate the use of the notebooks.
